The incorporation of phospholipids specifically labeled with glycerol-23H and acyl-"4C by whole cell tissues of developing soybean cotyledons (Glycine max L.) reveals that phosphatidylinositol, phosphatidylcholine, phosphatidylethanolamine, N-acylphosphatidylethanolamine, and phosphatidic acid can be metabolized to diglyceride. The diglyceride formed may be recylced into phospholipid or acylated to triglyceride. Diglyceride from phosphatidic acid and phosphatidylethanolamine is used readily in triglyceride biosynthesis compared to the other phospholipids. Incor-poration of N-acylphosphatidylethanolamine having [9-10-3H(N)Joleic acid esterified at sn-3 in cotyledons shows rapid acyltransfer of 3H into triglyceride and therefore N-acylphosphatidylethanolamine appears to participate in triglyceride biosynthesis as an acyl donor. These studies emphasize phospholipid metabolism in developing soybean cotyledons is a dynamic process which plays a key role in triglyceride formation.
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The synthesis of TG3 from DG and acyl-CoA derivatives was demonstrated with an enzyme preparation from chicken liver by Weiss and Kennedy (18) . Since the enzymatic dephosphorylation of PA had been shown previously in liver, a close association was indicated between the synthesis of phospholipids and neutral fat. Kennedy (I 1) later summarized these observations in a scheme of complex lipid synthetic pathways where PA and DG were central intermediates of both TG and phospholipid biosynthesis. These pathways were confirmed in both animal and plant tissue. Triglyceride biosynthesis was shown by a separate pathway leading from PA through DG.
Recently, there has been evidence taken from studies of animal tissues which elaborates on the scheme of TG biosynthesis (2, 8, 9, 12, 14, 16) . These reports suggest phospholipids are recycled actively to DG or PA either by phospholipase or through metabolic reversal of synthetic systems, and then are reutilized in phospholipid or TG biosynthesis. We have attempted to determine the contribution of PC, PI, PE, and NPE to TG biosynthesis in developing soybean cotyledons.
MATERIALS methanolysis. Stereospecific position 2 of all phospholipids was cleaved by phospholipase A2 (Trimeresurus flavoviridis) using the procedure of Nutter and Privett (13) and separated from the lysophospholipid by TLC. NPE was degraded to PA by phospholipase D (from cabbage) by the procedure of Kates and Sastry (10) . DG was degraded to sn-2 MG by pancreatic lipase (solvent washed, in 0.01 M histidine HCl) in 1 M tris-HCl buffer, pH 8, which contained 0.1 ml of 0.1 M CaC12, 0.3 ml of 1 M NaCI in a final volume of 0.7 ml, at 25 C for 15 min. The products of lipase and phospholipase degradation were converted to methyl esters by alkaline methanolysis, purified by TLC, and radioactivity was measured by liquid scintillation. The radioactivity at sn position 3 of NPE was calculated from the difference between the total methyl ester dpm and the summation of methyl ester dpm at sn positions 1 and 2 determined by phospholipase A2 and phospholipase D analysis. The ratio of 3H/'4C radioactivity incorporated by individual acyl groups in each lipid class was used to calculate half-life (to.5) of fatty acids at stereospecific positions, as described by Wilson and Rinne (21) . Lipid extraction, separation of lipid classes, and lipid analysis procedures were identical to those used by Wilson and Rinne (20) . Radioactivity was determined by liquid scintillation with 10 ml of modified Bray's scintillation fluid. The channel ratio method of quench correction was used to determined dpm of samples containing a single isotope. External standardization with an external source was employed to determine dpm of samples containing two different isotopes. Calculations and statistical analyses were performed with a Wang 600 programable computer. All experiments were repeated at least two times. RESULTS The utilization of phospholipids in TG biosynthesis in the soybean was determined by incubating excised cotyledons (30 DAF) with phospholipids specifically labeled with 3H and 14C. In preliminary experiments ethanol enhanced phospholipid incorporation. As reported by Canvin (4) in developing castor bean, the level of ethanol used was not inhibitory to lipid synthesis. Maximum phospholipid incorporation by developing soybean cotyledons was achieved when the incubation medium contained ethanol (10% by volume).
The labeled phospholipids prepared for these studies were PA, PI, PC, PE, and NPE. NPE was characterized with both chemical and physical techniques. The ratio of acyl, phosphorus, and ethanolamine concentration in NPE was 2.71:1.0:0.86 which agrees with values reported by Aneja et al. (1) . The uptake of PA and PI was more rapid than PC, PE, or NPE. Of the total amount of each phospholipid added, 71.7 and 67.7% of PA and PI were taken up by the tissue after 12 hr, but only 50% of PC, PE, or NPE was found in lipid extracts at 24 hr (Table I) . The occurrence of 3H-glycerol and '4C fatty acids in DG and TG from labeled phospholipids has been recorded in Table II. It can be seen from Table II that the 3H-, '4C-labeled phospholipids are incorporated into DG as well as TG. These data show that not only the acyl groups of the phospholipid structures, but also the glycerol moiety, are involved in DG formation. After 12 hr incorporation using 3H data, approximately 17 to 26% of the added PA, PI, PE, and NPE molecules is converted to DG, while only 8% of the PC makes the transition (from 3H, "4C substrates).
The percentage of 3H-DG found in TG after 12 hr incubation with 3H-glycerol, "4C-acyl phospholipid substrates demonstrates 29, 18.7, 17.5, 30.6, and 4% of the DG labeled by PA, PI, PC, PE, and NPE, respectively, are used in TG biosynthesis. Apparently little of the DG formed from NPE is converted to TG, however, from incorporation studies with sn-3 oleyl 3H-NPE at 12 hr, 20% of the radioactive oleic acid appears in TG. Therefore, through acyl exchange at sn position 3, NPE is actively utilized in TG biosynthesis.
The DG not metabolized to TG during 12 hr incorporation with the phospholipid substrate probably are recycled into phospholipid. 3H-glyceride from PA also appears in PI, 13 The to.5 of acyl groups at stereospecific positions within the phospholipids is given in Table III . If the turnover rate of the acyl groups at sn position 1 and 2 within a phospholipid molecule is identical, then it is probable that the structure per se is metabolized to a DG. Thus PA, PC, and PE probably do not have acyl exchange function; however, different intraposition t0.5 are found in PI and NPE. In NPE, t0.5 at sn position 1 > 2 > 3, so sn position 3 is an active exchange site. (11) .
Although several different phospholipids are potential sources of DG, there is apparent selective reutilization of DG from particular phospholipids in the generation of new lipid forms. Curstedt (5) has shown that the degradation rate of PC in rat liver is not constant in all molecular PC species. More unsaturated PC species have longer to 5 than species with highly saturated fatty acid composition. Therefore, phospholipid fatty acid composition may have a great effect on the recycling of phospholipid carbon. Weber et al. (17) , have shown that TG fatty acid composition in maize is controlled by positional specificity effects and the concentration of different fatty acids in the tissue. Among the 10 TG species separated from maize oil extracts, greater than 70% of those species have the following molecular composition: MD2, M2D, SMD, SD2, and D3; where S, M, D represent saturated, monoene, and diene esters at sn position 1, 2, and 3, respectively. Specific analysis of the acyl composition at sn position 3 between the major TG species supports nonrandom esterification patterns which are dependent on the fatty acid concentration of the parent material, and moreover, selective utilization of SD, DS, DM, DD, MD, and MM species of sn-1,2 DG in TG biosynthesis. Roehm and Privett (15) find the same types of TG molecular species in oil extracts of mature soybean cotyledons as those reported in maize. Similar patterns of DG utilization may exist in developing soybean cotyledons.
Although molecular species within lipid classes are not separated in this study, different acyl degradation rates are observed for individual lipid classes: PA > DG > PI > PE > PC > NPE.
Acyl to.5 at stereospecific positions within these classes suggests simultaneous turnover of both groups in PA, PC, PE, and DG, however independent acyl exchange occurs between sn positions in NPE and PI.
We have attempted to evaluate the disposition of phospholipids in TG biosynthesis by developing soybean cotyledons, using substrates prepared from similar sized cotyledons. We can only assume that exogenously applied phospholipids are metabolized in the same manner as the endogenous counterparts. Nevertheless when radioactive phospholipid substrates are administered to whole soybean cotyledons, the rate of PA and PI uptake is greater than PC, PE, or NPE. After 12 hr, 71.7, 67.7, 31, 45.7, and 23.5% of the total added 3H dpm from PA, PI, PC, PE, and NPE, respectively, is taken up by the tissue. The distribution of 3H and 14C in neutral lipids indicates that all phospholipids are partially metabolized to DG which are used selectively in TG synthesis. At 12 hr, 25.7, 21.7, 8, 17.9, and 16.8% of the added 3H dpm from PA, PI, PC, PE, and NPE appears in DG-glycerol, while 29, 18 .7, 17.5, 30.6, and 4%, respectively, of those DG are used to make TG.
These results warrant speculation that DG formed from PA and PE are utilized preferentially to produce TG. The selection process probably is regulated by the fatty acid composition of the DG formed from these phospholipids. Although NPE labeled with 3H and 14C contributes as much to the DG pool as PE at 12 hr, small proportions of those DG are used in TG synthesis. When NPE was labeled exclusively at sn-3 with 3H oleic acid (18:1 ) , little 3H appears in DG (6.3 %) while 20.6% of the added dpm is found in TG. This is evidence that NPE functions as an acyl donor to the TG synthetic enzymes through acyl groups linked to the sn-3 position. DG formed from NPE as well as PC and PI are perhaps more suitable for polar lipid regeneration than TG synthesis.
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